The present study was undertaken to introduce the single earpiece dyedilution technique reported by Nakamura et al. ' into pediatric practice for the estimation of the shunt magnitudes in infants and children with the left-to-right shunt.
MATERIALS AND METHODS
The infants and children subjected to this study consisted of 21 cases with ventricular septal defect, 9 cases with atrial septal defect, 3 cases with patent ductus arteriosus, one case with partial anomalous pulmonary venous return and 3 cases with the innocent murmurs (cf. Tables 1 and 2 ).
The right-heart catheterization was performed in all the cases according to the conventional Fick procedure, under the generalized anesthesia with sodium thiopen thotal and the premedication with atropine sulfate and pethidin hydrochloride.
Indocyanine green (Diagnogreen_??_: Daiichi Seiyaku Co. Ltd.) was used as an indicator. By using a cardiac catheter, 2-5mg of the indicator were injected into the pulmonary artery (49 curves), right ventricle (12 curves), right atrium (15 curves), left atrium (7 curves) or inferior vena caves (3 curves). Immediately after the injection of the indicator, 5-10ml of 500glucose solution were infused rapidly through the same catheter. Eighteen curves were obtained after the peripheral injection of the indicator in such a way that 5-10mg of the indicator were given into basilic, cephalic or dorsal metacarpal veins, immediately followed by a rapid infusion of 15-20ml of 5% glucose solution.
The dye-dilution curves were recorded by means of the Earpiece Dye-Densitograph (Erma: DDGEN 6). 2) Correction of the build-up time to be introduced for calculation of the shunt magnitudes from the dye-dilution curves of type 3 in infants
In 14 infants with the left-to-right shunt, the earpiece dye-dilution curves recorded after the central injection of the indicator were examined and it was found The second type as in Fig. 3 showed no distortion on the down slope and there was no prolongation of the build-up time. The shunt calculated from the dye-dilution curve was 51%, and that obtained by the Fick's method was 59%, both values being approximately the same. The second type of the curves was found in 7 out of 26 cases examined.
The third type of the dye-dilution curves shown in Fig. 4 was obtained from a 3-month-old female with patent ductus arteriosus after the dye injection into the pulmonary artery, showing that there was a prolongation of the build-up time attaining 4.5 sec. The left-to-right shunt ratio estimated by Fick's method was 50%, and 48% when calculated from the dye-dilution curve: ta 3.5; tp 6.0; tap 2.5; t1 6.8; ts 2.2; ta' 6.8; tp' 10; tap' 3.2: Cp 62; K 53; Cp' 30; and Cp'/Cp 48%. There was no distortion on the down slope. The build-up time was not prolonged. The shunt estimated by Fick's method was 59%, and that calculated from the dye-dilu tion curve was 51%: to 2.0; tp 5.0; tap 3.0; tl 6.0: is 1.7; ta.' 6.0; tp' 9.0; tap' 3.0; Cp 63; K 62; Cp' 32; and Cp'/Cp 51%. Fig. 4 . The third type of the dye-dilution obtained from a 3-month-old infant with patent duetus arteriosus (Case No. 7). The indicator was injected into the pulmonary artery. Solid lines were drawn when tap of 4.5 sec was used, and broken lines were drawn when tap of 3.0 see, in place of 4.5 sec. was used.
By using tap of 4.5 see, the shunt calculated from the curve was found to be 47%, which was far smaller than that estimated by Fick's method (70%).
The prolongation of the build-up time, as seen in the dye-dilution curves of type 3, may have resulted from the overlapping of shunted dye to initial circulat ing dye, because of the rapid pulmonary circulation time in infancy.3 It seemed, therefore, that the prolongation of the build-up time developed more exag gerated in infants with larger defect. The third type of the curves was found in 17 out of 26 cases examined. In the case with the dye-dilution curves of type 3, we made some correction of the build-up time in order to obtain the shunt magnitude similar to that obtained by Fick's method in the following way: The build-up time was fixed at 3.0 sec when the indicator was injected into the pulmonary artery, and at 3.5 sec when the indicator was given by the central injec tion other than that into the pulmonary artery. For example, figures drawn with solid lines in Fig. 4 were obtained when the build-up time of 4.5 sec was adopted: to 2.5; tp 7.0; tl 8.7; is 3.6; ta' 8.6; tp' 13.2; tap' 4.5; Cp 100; K 95; Cp' 47; and Cp'/Cp 47%. In the same figure (cf. Fig. 4 ), figures drawn with broken lines were made when the build-up time of 3.0 see, in place of 4.5 see, was adopted: to 2.5; tp 5.5; tl 6.5; is 2.2; ta' 6.5; tp' 9.5; tap' 3.0; Cp 97; K 99; Cp' 66; and Cp'/Cp 68%. 15 curves into the right atrium and 3 curves into the inferior vena cava.
Fig. 7 included 7 curves in which the indicator was injected into the left atrium. Fig. 8 included 18 curves in which the indicator was injected through peripheral veins.
As will be seen from Figs. 5-8, it was apparent that there was a good correla tion between the shunt magnitudes obtained by Fick's method and those calculated from the dye-dilution curves with correction of the build-up time in the third type of the curves in infants.
